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Ah thi* prori'HHed MAC.SAT Aiu>mAlv liAtA contituic* to hr rrlrAArtl hv 
NASA, wr Arr Ahlr to ArcrlrrAtr our AAlrllitr mAgnrt Ic^ahoiiiaI v AHAlvAtn 
Ami Intrrprrt At ion. Wr recrivrd our flrnt profile (trAck) dAtA for thr 
U.S. Mldrontlnrnt Atudv ArrA on MArch 10th of thlA vrAr. and thr flrat 
f Inr-At t ! t iidr-i'orrrct n1 profilr dAtA (l.r. thr flrat tApr of thr f InAl 
data art. for thr f lriV( 80 dava of thr miaaion) In mid-Jiilv. A arcond 
tapr arrived laat month (Auguat). 

Over thr paat f Ivr montha for which wr hav^- an anomalv data art, 
wr havr hrrn rnp.agrd in: 

(a) examining thr magnetic-field prof ilea on individual tracka on 

thr tapra provided, to identify **had** (non-terreat r ial Iv-haaed) data pointa 
c^r prof lira. Data prohIc»ma can include individual apikea of ano .aloua 
data, or procrNaing/gromagnet ic tcanaient effrcta on a particular paaa 
that raiar or lower the effective **r.ero level** of a profile. The latter 
Irada to atriping of the anomaly map along thr ar. imuth of thr HAtrllitr 
t racka . 

Fii^urr 1(a) sliowa an example of a paaa (no. 8*>) over thr U.S. 
Midcontinent, from 20-60^ N. latitude. The individual erroneous data 
spikes have **am>maly** magnitudes up to *>7,000 ganimaa (nT) , with the true 
anomaly helng ind iat inguishahle by ci>mparlaon. Wl>en these spikes are 

removed, as seen in Figure l^(,h) • the proper anomalv field is seen. It 

* 

has a total amplitude of About 24 gammas. 

Wo are developing automated schemes to remove such **had** data, 
as by extreme deviation from some running mean value. 

(b) comparing anomaly profiles for the same satellite track but at 
different times (different passes), for nearby parallel tracks, and for 
tracks that cross. The interest is in assessing the data character and 
how to achieve the best data product — a magnetic aiu'malv map. For each 
data point there is a prism containing data varying with x, y, z (alti- 
tude), and t (time); e.g. 1^ blocks with data avc»raged to a 400-km alti- 
tude. We have hi'en doing weight ed-averaj. ing of data according to its 
distance fn>m the renter of the blocks and from the altitude datum-level. 


these and siibseipient aiu>maly profiles arc the decimated investigator- 
tape data, so data points are about 36 km apart 
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Figure i. Track over O.S. Kidcontinent (for 
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Th« variation la llluatratad by a track ovar tha central Mldcon- 
tlnwnt that haa thraa naarly^colncldant paaaaa — noa. 85, 254, and 531. 

A typical paaa orbit la ahoim In Fltura 2 , for paaa 85. Tha latitude 
rangaa fro« 25^ R. (north-central Maxlco) to 50° M. (north of Rorth Da- 
kota) , and tha radlue for thla varlaa f roa about 6765 to 6735 loi. Tha 
variation of (acalar field) anoaaly profllaa la ahown In Figure 1(b) 
for paaa 85, Figure 3(a) for paaa 254, and Fltura 3(b) for paaa 531. 

On thaae, tha large poaltlve aagnatlc high la located ovar Oklahoaa/Taxaa. 
The anomaly variation (maximum relief) decraaaaa with altitude, aa 
paaa anomaly amplitude (relief) mean altitude 

85 24 gammae 380 km 

254 20 430 

531 15 520 

Such data naeda to be "reduced" to one data point per block (e.g. 1° or 
2°). Further pro-proceaalng Includea along-track filtering to reduce 
the non-terreatrlal ahort-wavelength varlatlona (actually, ahort-perlod 
geomagnetic effecta) aa aeen In Figure 1(b) for of paaa 85, and Fig . 

4 for H_ (vertical-component) for the aame paaa. 
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(c) plotting and contouring the arlvctrd and proccaHcd data. Figure 
5(a) ahowB a preliminary magnetic anomaly map of for the U.S. midcon> 
t inant. Data have been averaged to an altitude of 400 km on 1 blocka, 
with Individual data weighted according to the vertical dletance from 
the 400-km-datum and to the horltontal dlatance from the center of the 
block. Thla map repreaenta about 8000 data i>olnta, after removing about 
1800 aa "bad"— apikea, tracka with extreme aero levela, etc. The contour 
interval la 2 ganmiaa, and the auip projection la Albera equal-area. The 
area extenda from 80-105** W. longitude, and 25-50** N. latitude. The ano- 
maly valuea range from a high (of -28, with reapect to the arbitrary xero- 
Ic^el) In the weat-eaat "belt" (not implying genetic continuity, however) 
including Oklahoma/Texaa and Tenneaaee/Kentucky , to a low (of -26 gammaa) 
in the northweat and aouth-central . The laat feature aeema to repteaent 
the Miaaiaaippi embayment/aulacogen. 

At theae latitudea (which for thla part of the globe are even 
higher aa "magnetic latitudea" becauae of the placement of the geomagne- 
tic pole) the mapa for H_ and H_ are similar, whereas H and H are more 

I X y 

irregular. There is some apparent striping of anomalies parallelling 
the azimuth of satellite tracka, due to incomplete equalization of zero- 

levels for multiple paaaea. To reduce this effect, one can apply a high- 

* 

pass wavelength filter (low-pass wavenumber filter). shows 

the anomaly map treated with a 4° high-pass filter (l.e. passing wave- 
lengths greater than about 400 kn) . Again, the anomaly field ranges from 
highs in the lower west and east, through a smaller high extending to the 
northeast (Wisconsin/hake Michigan) to the lows in the northweat and ex- 
trt*me south. The total anomaly range is about 24 gammas in the region. 

This preliminary map, based on the portion of the data received 
to date, is similar in general morphology to NASA's Magsat global scalar 
anomaly nap (hangel, CSFC) of March 1981. Our map has some differences 
(e.g. placement of anomaly peaks, maximuM gradients, etc.), and more 
detail which we hope is relatable to crustal properties, because of our 
use of; 1) more data selection, and analysis and comparison of indivi- 
dual tracks 

il) finer averaging, on 1** blocks Instead of 2** blocks. 

we should note the reservation that for our purposes — interpreting 
crustal geologic structure and composition — we want to do as little 
high-pass filtering as possible, so as to retain the short-wavelength 
features associated with crustal sources. 



OWGtNM. 

COLOR 


- 8 - 


(d) beginning to interpret the satellite magnetic anomalies in terms 
* of crustal character. One might initially expect magnetic anomaly highs 

to corrslate with thicksr crust and/or mafic crustal provinces and/or 
regions of lowar gsothsrmal gradient (deeper Curie*tcaperature Isotherm). 

I To illustrate the correlation of different geological and geophysical 

data sets* 

, i) Figure 6 shows a map of crustal thicknsss for North America, 

^ as determined from seismic data. In the midcontinent region, the tone 

of thickmr crust (i.e. thicker than 45 km) runs in a belt from Okla/Texas 
to Tennessee. This is the same as for the magnetic anomaly highs on 
the satellite magnetic map. From recent work and not reflected on this 
map, the crust is apparently thinned on a north-south cone from the New 
Madrid graben down the Mississippi River embayment/rif t, and there is a 
similar "breach" (magnetic low) in the magnetic anomaly map. The major 
anomaly highs over Oklahoma and Tennessee are believed to have different 
crustal origins, in terms of the depth and character of the respective 
causative sources. 

11) Figure 7 is a recent map of Precambrlan-age geologic provinces 
for the basement rock in the Midcontinent, based on petrology and radio- 
metric age dates (adapted from Van Schmus and Bickford, 1981). This 
thus represents upper crustal geologic composition, for rocks originating 
over 1 billion years ago. There seems to be a general correlation of the 

9 

"granlte/rhyollte" terrain (1.4-1. 5 x 10 years old) with the magnetic 
anomaly high (see Figure 5b) that trends from Oklahoma up to the nor^heast 
to Lake Michigan. This correlation of magnetics with crustal petrology 
may have a larger tectonic Implication. One would not expect magnetic 
highs to be associated with granite/rhyolite directly, since those rock 
types are acldic/non-maf Ic and typically less magnetic. We are thus 
investigating the geological plausibility of there being an ultramaflc 
lower crust along this zone as a consequence of a continental collision/ 
subduction which helped form the midcontinent craton in Precambrlan time. 
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Figure 6 . Cruetal thlcknee* of 
North America, In km. (from Soller 
et al, Phoenix Corp., 1981) 
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Figure 7 . Precambrlan-age base- 
ment provinces In U.S. mid- 
continent. From Van Schmus & 
Bickford, 1981) 
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P ublication* 

Thr Hag*at Investigators had a particularly Intaraatlng and use- 
ful exchange and presentation of Interlai reaulta at the NASA-sponsored 
•eeting in Edinburgh, late July 1981. This Principal Investigator atten- 
ded, and then presented a conpanlon paper at the Aasesbly of the Internet. 
Asaoc. of CeoouignetiBis h Aeron., Edinburgh, in early August. Thia was: 
“Analysis and use of Magsat satellite siagnetlc data to help Interpret 
crustal character of U.S. central Nldcont Inent" 
by R. A. Black and R. S. Cannlchael 

A slisllar paper wa% then present d at the Internet. Basement Tectonics 
Conference in Or.lo, in August, to a different ludience whose prime in- 
terests lay in interpretation of crustal geology: 

“Use of Magsat data to interpret crustal geology, structure, and geo- 
physical properties of the U.S. midcontinent" 
by R. S. Carmichael, R. A. Black, and R. A. Hoppin 
Other recent related work by members of our project Includes: 

“Geophysical interpretation of the geology of the central segment 
of the Midcontinent geophysical anomaly" 

by R. Anderson and R. A. Black, Ann. Midwest Mtg. of Amer. Geophysical 
Union, Minneapolis, September 1981 
“New Bouguer gravity map of Iowa" 

by R. Anderson, North-Central Ann. Mtg of Geological Soc. of Amer., 
Ames, May 1981 


Funds Expemled (July - September, 1981) 

Previously spent and committed (Dec. 1980 - June 1981) 


$ 8,178.79 


Committed in this quarter: 

Supplies, materials, xeroxing, postage, slides for 
NASA and other talks 

Iowa Geological Survey subcontract for computer data 
processing and analysis, $2667 (included In funds 
committed previously) 

Research Assistantship, graduate student 

Investigators' summer salaries 

Staff benefits (to Univ.; for June-Sept.) 

Special travel allotment (add-on funds from NASA for 
trip to NASA meeting and Magsat conferences In 
Europe, July/Aug. 1981) 

Overhead (to Univ.; for June-Sept.) 


184.50 


999. 

3,670.50 

1,114.09 

1,500. 


2,962.66 

10,430.75 


Total to date 


18,609.54 


